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Rivers are subject to many natural and man-made changes. The 
biological, chemical and physical components are all inter-related and 
influence one another. Knowledge of the water chemistry is essential to 
an understanding of the living organisms in the rivers. 
As a result of downward percolation of the rainfall, there exists below 
the surface of the earth, at variable depth, a zone of rock saturated with 
water. Such groundwater contributes a large proportion of the water in 
chalk streams, and therefore chalk springs and borehole waters have been 
analysed as well as streams and rivers. Changes in ecology of streams and 
rivers are often caused by changes in land practice in the catchment, as 
from grassland to arable farming, or increased fertilizer usage. Or 
changes can be caused by differences in the geology of the catchment area, 
as on the River Frome system below Dorchester, where the Tadnoll Brook 
and River Win have surface drainage run-off from heathlands. This 
alters the chemistry of the main river, which has its origins mostly in 
chalk springs. 
Regular chemical analysis of chalk waters started at the River 
Laboratory in 1964. Sampling programmes have varied from the regular 
weekly analyses since 1965 at Bere Stream (a small chalk stream) and the 
River Frome (a large chalk stream), to single samples which provide 
preliminary information. A map of the area (Fig. 1) shows the position 
of the Frome and other streams and rivers. Rainfall, discharge, daily 
fluctuations in oxygen and temperature, and changes in chemical 
composition of the River Frome at East Stoke were studied during 1965 
and 1966, and the results were compared with observations on the Bere 
Stream and a tributary spring at Doddings Farm (Casey 1969). The 
chemical composition of the chalk spring remained fairly constant 
throughout the year and the small stream showed few fluctuations whereas 
the River Frome showed quite large fluctuations. In the river, bicar-
bonate alkalinity and calcium showed an inverse relationship with dis-
charge. As the discharge increased due to run-off water, the alkalinity 
and calcium concentrations were reduced due to the chalk water being 
diluted. Phosphate, silicate and potassium showed irregular variation 
in both stream and river. The phosphate variation in Bere Stream could 
be partly due to the fertilization of the cressbeds at its head; in a two-day 
period after cressbeds had been fertilized at Doddings Farm, the 
concentration in the stream varied from 41 ug 1_ 1 to 660 ug l - 1 of dissolved 
reactive phosphorus (P04.P) with a mean value of 204 ug l -1 P0 4 .P . 
Samples taken on Saturday and Sunday, when there was no fertilization of 
FIG. 1. Map showing the main rivers and streams of the area. 
An attempt was made to discover the contribution each main source 
made to the flow and chemistry of the River Frome in 1970-71. This 
involved measuring flow and chemical composition at fourteen sites and 
trying to calculate a chemical budget for the River Frome system. Flow 
data present a difficult problem in chalk streams. Although the Wessex 
Water Authority have a number of gauging stations on the River Frome 
and kindly allow the F B A access to their records, assessment of flow in 
chalk streams is difficult for a number of reasons. First, there is 
a system of water meadows which, although not now in use, involves a 
considerable number of sluices, side channels and ditches through which 
water can still be diverted and eventually returned to the river. Secondly, 
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cressbeds, ranged from 17 ug l - 1 to 50 ug l - 1 P 0 4 . P (mean value 37 ug I - 1 
P0 4 .P) (Crisp 1970, Westlake et al. 1972). The highest nitrate values 
were usually at peak discharge. 
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upwelling or loss of water through the river bed may occur. This occurs 
in the River Frome (Casey & Newton 1973), the Great Stour in Kent (Anon 
1968) and is also suspected in the River Avon in Hampshire (Casey in 
prep.). Thirdly, in April and May when weed growth is maximal, the 
weed holds back the water and this may flood out gauging weirs (i.e. the 
water level below the weir is similar to that above the weir). When the 
weed is cut the water level can fall by 0.3 m. If weed grows rapidly after 
the cut, the weirs can again be flooded out for long periods of time, as 
occurred on the River Frome at East Stoke during June, July and August 
in 1974. At many sites of interest, no discharge figures are available and 
measurements have been made using a current meter (Casey & Newton 
1972, 1973; Casey & Ladle 1976, Casey & Westlake 1975, Ladle & Casey 
1972) and when possible placing a water-level recorder on the site. This 
automatically measures the depth of the water and is calibrated using the 
current meter to measure the discharge at varying depths of water and 
current speeds. Another problem is that at peak flows the fields adjacent 
to the rivers tend to flood, and therefore no reliable estimate of maximum 
discharge is available. When investigating flood phenomena, hourly 
discharge values are needed; these are also difficult to obtain, although this 
information is now available from the Water Data Unit. Because of 
these limitations in flow data, there is often difficulty in balancing chemical 
budgets. 
Chemical results from the River Frome at East Stoke showed large 
variations (Casey 1969), and led to the attempt in 1970-71 to discover the 
contribution of each main source to the flow and chemistry of the whole 
river. This type of chemical budget gives valuable information on 
inputs and losses to the system and also shows areas of research for which 
more detailed information is needed. 
FIG. 2. Comparison of concentrations of phosphate measured in the River Frome 
(Southover) (+ + + +) and Sydling Water ( ). 
DIRECTOR'S REPORT 3 1 
This survey showed that magnesium concentrations varied little, 
whereas alkalinity and calcium concentrations decreased in times of flood. 
These variations were comparable with the results obtained in 1965-66 
on the River Frome, as were the results for nitrate, which usually showed 
the highest values at peak discharges. The highest sodium concentrations 
occurred after snow had melted off the roads, but otherwise the concentra-
Fig. 4. Comparison of concentrations of phosphate measured above ( ) 
and below (+ + + +) Dorchester sewage works. (Reprinted with permission 
from Freshwat. Biol. 3. p. 326. figure 8). 
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tions showed little variation. Phosphate-phosphorus and potassium 
fluctuated most, and phosphorus showed a reduction between February 
and May (Fig. 2), possibly due to diatom growth. In Sydling Water, 
a tributary of the River Frome, the potassium concentration was reduced 
from 0.6 mg l - 1 until it was less than 0.02 mg l _ l (Fig. 3). At the time of 
minimum potassium concentration there was a large increase in the area 
of stream-bed covered by macrophytes. 
The largest sewage effluent flowing into the River Frome is from 
Dorchester, and the effect this effluent has on the reactive phosphate 
concentration can be seen in Fig. 4. 
The chemical and discharge budgets for the River Frome below 
Dorchester did not balance because the flow at East Stoke was greater 
than the contributions of its main tributaries. Full details of the flow 
from fourteen stations and the chemical composition at sixteen sampling 
sites are given by Casey & Newton (1973). 
One of the tributaries examined during this survey was the South 
Winterbourne. This proved to be an interesting stream in that, 
although the chemical composition was not very variable, nitrate showed 
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a positive correlation with flow (Fig. 5) (Casey & Newton 1972). The 
Winterbourne is a stream that normally flows only in the winter, although 
the period of flow varies from year to year depending on rainfall. 
Bournes such as this can have a significant influence on the rivers into 
which they flow. At peak flow (1.51 m3 s_1) the South Winterbourne was 
contributing 8.9% of the total flow of the River Frome at East Stoke. 
Because of these results, and also because no information could be found 
on this type of stream (and such streams are often affected by water 
abstraction schemes), a more detailed study of the South Winterbourne 
was carried out. 
Changes in flow and chemical composition were related to biological and 
physical conditions at eight sites on the South Winterbourne, from the 
source to the confluence with the River Frome (Casey & Ladle 1976). 
The results showed a very complex pattern of discharge. Of all the sites 
examined, only the extreme upstream and downstream sites dried up 
completely in the summer months. As flow decreased, the effects of 
pollution became evident by increasing concentrations of phosphate and 
potassium. Nitrate variation in the stream also showed a complex 
pattern, with the highest nitrate concentrations recorded when the dis-
charge was in a state of transition from no flow or low flow to high flow 
conditions. In all cases the alkalinity and calcium concentrations 
remained constant, confirming that this increase in flow was due to chalk 
water and not run-off. Results from the permanent chalk springs in the 
River Frome and River Piddle catchments have not shown this sudden 
rise in nitrate values recorded from the South Winterbourne and other 
temporary streams. These increases seem to be due to leaching of 
nitrate, but why it should occur as the discharge builds up to the first high 
discharge value and not as discharge begins cannot yet be explained 
(Casey & Ladle 1976). 
The long-term records from Bere Stream and the River Frome show 
some interesting trends (Table 1), particularly the years 1965, 1969 and 
1972, in that although the mean discharge values for the River Frome 
were very similar, yet the through-puts in phosphate and nitrate show 
quite large differences between years (Casey 1975b) (Table 2). 
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T A B L E 2 
Mean discharge and amount of P and N passing down the River Frome in 
different years. 
Most of the increase in nitrate in the River Frome would appear to be 
due to increased use of fertilizer, as the nitrate derived from sewage has 
stayed fairly constant at around 7 % (Casey 1975b), whereas over 70% of 
the phosphate could be due to sewage effluent, the flow of which has 
increased from 0.054 m3 s - 1 in 1965 to 0.070 m3 s - 1 in 1972. If a figure of 
7.0 mg l - 1 is used as an average value for its concentration in sewage 
effluent (Owens 1970) to calculate phosphate through-put, values of 13.6 t 
for 1965,16.0 t for 1969 and 17.6 t for 1972 are obtained (Casey 1975b). 
One important point from the Bere Stream results is that although there 
may be a slight upward trend in the mean nitrate concentrations, the 
spring at Hollybush has not yet shown this trend (Casey 1975a). 
However, in chalk springs and boreholes in other parts of the country, 
large increases in nitrate concentrations have been observed since 1968 
(Forster & Crease 1974, Casey 1975a). This stability of nitrate concentra-
tions in Dorset could possibly be due to different types of farming or the 
different geological structure of the chalk (Casey 1975a). Observations 
on the sites at Hollybush, Bere Stream and the River Frome will be 
continued to monitor any further changes that may take place. 
As part of the studies in inorganic chemistry, changes in concentration 
of phosphate-phosphorus and dissolved silicate have been recorded. 
Although at many sites phosphate and silicate concentrations are reduced 
in the months of March and April, presumably by diatom growth (Marker 
1976, Westlake et al. 1972), the concentrations have never reached very 
low levels in the streams or rivers. Therefore, if the phosphorus and 
silicate are in forms that can be used by algae, they should not be limiting 
growth. Phosphate shows a wide range of variation and inputs can occur 
at many points, thus making correlation between algal growth and 
phosphate concentration difficult. In one instance in Bere Stream where 
silicate concentration was reduced, it was found that the silicate concentra-
tion in the boreholes feeding the stream had changed and was lower than 
in previous weeks. Thus it is not always possible to relate changes in 
phosphate and silicate concentrations to diatom growth in chalk streams, 
especially if no information is available on changes due to other factors. 
The nutrient content of various streams and rivers has been related to 
macrophyte growth, and in all cases there would appear to be an excess of 
nutrients in the water in relation to macrophyte requirements (Casey & 
Newton 1973, Casey & Westlake 1975, Ladle & Casey 1972, Westlake et al. 
1972). However it is not known whether the macrophytes obtain 
1965 1969 1972 
Mean discharge/m3 s - l 5.64 5.5 5.69 
Amount of P/tonne a - 1 20 19.4 24.2 
Amount of N/tonne a - 1 388 479 549 
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nutrients from the water or from the bottom sediments or from both, nor 
whether the nutrients in the water can be used by the plants. These are 
problems for future research which it is hoped will be carried out in the 
experimental channel at Waterston. 
I thank Mrs C. M. A. Collcutt, Miss M. Overy and Miss P. V. R. Newton 
who have helped with the above chemical work at different times. I 
also thank the Wessex Water Authority and the Ministry of Agriculture, 
Fisheries and Food, and all the fishery owners and landowners who gave 
permission to take samples. 
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